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THE EMBODIMENTS OF THE INVEiSfTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRrm.EGE IS CLAIMED ARE AS FOLLOWS: 

1. A method of calculating the flux of any gas(x) in a CBC circuit for a 
ventilated or a spontaneous breathing subject, 

for example said gas(x) being; 

a) an anesthetic such as but limited to; 

i) N20; 

ii) sevoflurane; 

iii) isoflurane; 

iv) halothane; 

v) desflurame; 
or the like 

b) Oxygen; 

c) Carbon dioxide; 
or the like 

utilizing tihe following relationiships; 
Flux of gas(x) = SGF (Fsx - Fex) 
wherein 

SGF = Source of gas flow into the breatiiing circuit (CBC circuit) in 
liters/ minute as read from the gas flow meter as set by the anesthesiologist; 

Fsx = Fractional concentration of gas X in the source gas (which is set by the 
anesthesiologist); 
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Fex = Fractional concentration of gas X in the end expired gas as determined 
by a portable gas analyzer, or the like. 

2. A method of calciilating the flux of oxygen in a CBC drcuit for a ventilated 
and/ or spontaneous breathing subject utilizing the following relationship; 

Flux of oxygen == SGF (Fsoz - Feoz) 

wherein 

SGF = Source of gas flow into the breathing circuit (GBC circuit) in 
liters/minute as read from the gas flow meter as set by the anestiiesiologist; 

Fsx = Fractional concentration of gas O2 in the source gas (which is set by 
the anesthesiologist); 

Fbx = Fractional concraitration of gas O2 in the end expired gas as 
determined by a portable gas analj^er, or the like. 

3. The method of daim i or 2 wherein the CBC circuit is selected from titie 
group consisting of i) a drde circuit; ii) a MagiU breathing circuit; iii) an isocapnia 
circuit, whether breathing or non-breathing (as taught by co-pending Fisher et al), 
or the like. 

4. The method of daim 1 or 2 wherein the CBC circuit is an improved Magill 
drcuit as. described herein. 

5. The method of daiml or 2 wherein the CBC circuit is an ia^roved 
rebreathing circuit as described herein. 
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6, The metitiod of daim 1 or 2 wherein tine CBC circuit is an improved non- 
rebreathing circuit as described herein. 



7. The method of claim 2 used to determine oxygen consumption in order to 
measure cardiac out put by any knovm method, such as the Pick method. 

8. The method of claim 2 used to determine oxygen consumption in, for 
example, an operating room setting or the like. 

9. The method of daim 2 or 8 used to optimize oxygen consumption. 

10* The meiiiod of daim 2 or 8 utilized as an early indication of malignant 
hyperthermia. 

11, A method of calailating the flux of any gas other than carbon dioxide, ia a 
CBC circuit with low gas flow of source gas and with a carboii dioxide absorber in 
place utilizing the following relationship; 



Hux of gas X = SGF (FEX - FRBX) 



wherein 

SGF = Source of gas flow into the breathing circuit (CBC circviit) in 
liters/ minute as read from the gas flow meter as set by the anesthesiologist; 

Fex = Fractional concentration of gas X in the end expired gas as determined 
by a portable gas analyzer/or the like; 

Frbx = Concentration of geis X in the expired limb of circuit before the gas 
passes through the carbon dioxide absorber and mixes with gas conung from the 
flow meter. 
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12. The metiiod of daim 11 used to determine the flux of an anesthetic for 
example: 

i) N2O; 

ii) sevoflurane; 

iii) isoflurane; 

iv) halothane; 

v) desflurame, 
or the like 

13. The method of daim 12 used to determine how mudi anesthetic is being 
absorbed by the patient. 

14. Themethodof daim 13 wherein said anesthetic is N2O. 

15. An improved Magill circuit the improvement comprising an inspiratory 
and expiratory limbs, a pressure reUef valve at the end of the expiratory limb, a 
port for entry of SGF, and a gas reservoir bag, the components of the Magill 
system utilized for spontaneous ventilation; or alternatively for controlled 
ventilation, the gas reservoir bag is endosed in a container with a port for 
connection to a ventilator breathing circuit, the . pressure reUef valve being 
endosed in a container with a port for connection to a ventilator breathing circuit; 

wherein on exhalation, the patient breathes out through the patient port 
and during the initial part of exhalation, the gas reservoir is partially empty and 
the resistance to flow along the inspiratory limb is less lhan that of the expiratory 
limb because the higher opening pressure of the presstire relief valve must be 
overcome before flow can proceed through the expiratory limb. 
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wherein during the initial part of expiration, the expired gas enters the 
inspiratory limb, displacing gas in the inspiratory limb and from the SGF intb the 
gas reservoir, as the gas reservoir fills, the pressure in the circuit increases above 
the opening pressure of the pressure relief valve and the remainder of the expired 
gas is directed down the expired limb displacing the gas out of the expired limb 
through the pressure relief valve to the ventilator breathing circuit from where it is 
eventually vented to atmosphere through the expiratory port and the SGF 
continues to flow towards the patient down the inspiratory limb, displacing 
previously exhaled gas into Ihe e5q)iratory limb; 

wl-ierein during inhalation, the balloon valve ocdudes the ventilator circuit 
expiratory port and a volume of gas equal to a tidal volume is delivered by titie 
venHlator into the ventUator circuit and hence into the SGF gas reservoir box, 
tliercby displacing a volume equal to the tidal volume from the SGF gas reservoir 
into the inspiratory limb of ihe Magill circuit, the SGF continues to flow towards 
the patient down the inspiratory limb; 

wherein llie net tidal volume of the patient is equal to the volume displaced 
from the gas reservoir plus the SGF multiplied by the duration of inspiratiorv 
because the pressures on both sides of the Magill pressure relief valve are equal 
during inspiration, the differential pressure provided by the "opening pressure" of 
the valve keeps it dosed dtuing inspiration; 

assuming that: 

(1) the volume of the inspiratory limb is greater than or equal to [(SGF x 
expiratory time) + the anatomical dead space]; and the breathing bag 
volume is greater than [the largest expected tidal volume - (SGF x 
inspiratory time)], 

(2) SGFis^0.7xVB 
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16. An improved rebreathing isocapnia circuit coinprising a Y piece with a 
patient port, and inspiratory limb of the Y piece with a one way inspiratory valve 
and an expiratory limb of the Y piece with a one way expiratory valve; the 
inspiratory limb being connected to a SGF and a gas reservoir, the expiratory limb 
leading to an expiratory gas reservoir, the expiratory gas reservoir haying a one 
way valve at the port where expired gases are vented from the expired gas 
reservoir which allows gas to exit the expiratory gas reservoir but not enter, 
having disposed between the expiratory limb and the inspiratory limb distal to the 
inspiratory and expiratory valves a bypass limb that contains a one-way valve 
with an opening pressure of the valve, being for example approximately 1.5 cm 
H2O, greater than the valves in the inspiratory limb of the Y piece and the 
expiratory limb of the Y piece; the direction of opening of the one-way valve in the 
bypass Bmb being from the expiratory limb to the inspiratory limb, the inspiratory 
and expiratory limbs being extended by tubing of variable lengths, the inspiratory 
and expiratory reservoirs being enclosed in a box with 3 ports; one port 
communicates with the box, one port communicates with the interior of the SGF 
reservoir only, one port commimicates with the expiratory gas reservoir, the SGIF 
reservoir is continuous with the inspiratory limb of the circuit, the expiratory gas 
reservoir is continuous with the expiratory limb of the circuit and has a port 
through which expired gas exits the expired gas reservoir and enters the box, a 
ventilator, a mushroom valve synchronized to ocdude the ventilator circuit 
expiratory port during the inspiratory phase attached to the box ventilator port 
such that during the inspiratory phase, the tidal volume of the ventilator is 
discharged into the box , which wiU displace an equal volume from the gas 
reservoirs in the box; as the valve in the bypass limb has a greater opening 
pressure than the inspiratory valve, the inspiratory reservoir will be compressed in 
preference to the expiratory reservoir, when the inspiratory reservoir is coUapsed, 
the i;emainder of the tidal volume will result from compression of the expiratory 
reservoir and displacement of gas through the bypass limb and valve and 
inspiratory valve to the patient, the total tidal volume wiU be equal to the volume 
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displaced from the inspiratory reservoir plus the volume displaced from the 
expiratory reservoir plus the SGF multipUed by the time during inspiration; 
during exhalation, the balloon valve is deflated, opening the expiratory port of the 
ventilator drcuit to atmosphere and the expiratory reservoir bag to atmosphere via 
the port, thus allowing exhaled gas to flow past the expiratory one-way valve 
down the expiratory limb into the expiratory reservoir, flowing into the port 
being directed down the inspiratory limb to the SGF reservoir, wherein gas is 
displaced in the box by expansion of iiie SGF reservoir and the expiratory gas 
reservoir is displaced from the box via the ventilator expiratory port; whereia SGF 
is less than or equal to Ve - VDan. 

17. An improved non-rebreathing circuit, the improvement comprising a 
balloon valve drcuit for spontaneous ventilation of a patient breathing 
spontaneously, said drcuit having a Y piece with a patient port, an inspiratory 
liinb induding a balloon valve, connected to SGF and a gas reservoir, an 
expiratory limb consisting of a balloon valve leading to an expiratory gas 
reservoir, which has a port opening to the atmosphere, a tank of compressed air 
flows through solenoid valves to open or dose the balloon valves, the solenoid 
valves being controlled electronically by a computer, a pressure transducer 
connected to a moutinpiece for measuring when the fresh gas reservoir has been 
fully collapsed, the computer for receiving the signal and sending a signal to the 
solenoid valve to dose the inspiratory valve and open the expiratory valve, the 
fresh gas flow continuoxisly filling the fresh gas reservoir. 

18. The method of daims 1, 2, or 11 used to calculate the rate of elimination of a 
gas X for any input total gas flow utilizing the following further relationships; 

wherein the rate of elimination of gas X = the input total gas flow 
(multiplied by) Fbx - Fix; 
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wherein Fbx is defined above and Fb is the conoentration of X in inspired 

gas. 

19. The method of any previous daim wherein said method is incorporated in 
an algorithm spreadsheet, formvda or the like contained within software which is 
capable of nmning on a computing device, or is installed therein. 



